Corresponding author: P R de Jong (pdejong@medi.co.za) Caesarean delivery rates worldwide have been increasing, and this is especially the case in the private sector in South Africa (SA). [1] As a result, small differences in the efficiency of the procedure become important. [2] It is common obstetric practice to deliver the fetal head in caesarean delivery by means of fundal pressure and manual extraction. If the head is deeply engaged in the maternal pelvis difficulty with the free-floating head is not encountered. If the head is not yet engaged, as may be the case in elective caesarean section and emergency procedures in early stages of labour, manual extraction is more difficult. Forceps may be employed in these cases, but their routine use in instrumental vaginal delivery in SA is declining, and physicians are no longer comfortable working with them. In 2010 -2011, the assisted-delivery rate for vaginal births in SA was 0.52% for vacuum assistance, and 0.15% for forceps. [3] Therefore the use of vacuum delivery at caesarean section might arise as a potentially beneficial option for delivering the fetal head, especially in cases of a high-floating fetal head. This audit compared the use of the forceps with the CaesAid vacuum-assisted delivery (VAD) cup, a silicone cup specifically designed for use at caesarean delivery.
The use of vacuum cups at caesarean section is not a new concept. Solomons [4] and Arad et al. [5] reported vacuum extraction to be both effective and relatively safe, in 1962 and 1980, respectively. However, these early studies found that using the vacuum cup resulted in a longer time to delivery of the fetus than the use of forceps, which can be at least partly attributed to the fact that the Malmström cup they used had a narrow diameter and was made of metal, which made the application of the cup more time-consuming. Pelosi and Apuzzio [6] were the first to describe the use of soft silicone vacuum cups at caesarean section, and concluded that the procedure was effective and not injurious to mother or baby. These results were corroborated in a study by Boehm [7] that included 44 cases, and additionally in studies by Bofill et al., [8] Dimitrov et al. [9] and Sritippayawan and Chantrapitak. [10] Bofill et al. [8] found that delivery times were longer for forceps-assisted caesarean delivery than for vacuum extraction and manual delivery, in a randomised pilot study with 44 participants. Sritippayawan and Chantrapitak [10] also found that the duration of delivery was significantly shorter in vacuumassisted deliveries of the fetal head, in a study that included 90 cases of caesarean sections.
Additionally, Bofill et al., Dimitrov et al. and Sritippayawan and Chantrapitak found no significant difference in Apgar scores when comparing vacuum, forceps and/or manual extraction of the fetal head, and no adverse neonatal events were reported. [8] [9] [10] There is insufficient literature on instrumentally assisted caesarean section to provide certainty on the incidence of possible complications. Current guidelines of the National Institute for Health and Care Excellence (NICE), RCOG and ACOG do not offer a clear position on the use of a vacuum cup at caesarean section. Forceps are mentioned in the NICE guideline, which states that they should only be used in cases of difficulty delivering the fetus. [11] We have designed a new vacuum device (the CaesAid VAD cup; Fig. 1 ) specifically for use at caesarean section. The cup is manufactured by Medela in Switzerland. Its key feature is its soft, translucent silicone elastomer with a 60 mm diameter cup; existing vacuum cups are larger, and therefore harder to manoeuver in the pelvis at caesarean delivery. A silicone hose attaches to an electric vacuum device (Fig. 2) , and the cup is reusable. Initial clinical experience with the device was encouraging, and so we carried out a retrospective clinical audit to evaluate the efficiency and safety of the CaesAid VAD cup in comparison with the use of forceps for the delivery of the fetal head at caesarean section.
Our primary objective was to assess if the use of the CaesAid VAD cup shortens delivery time of the fetal head when compared with forceps-aided delivery at caesarean section, as the literature on this topic is sparse, and the reported outcomes differ. Increased time to delivery of the fetal head is associated with compromised maternal and fetal outcomes and more complications. [12, 13] The secondary objective was to assess whether there was a difference in perioperative complications in the mother and fetus between the two methods of delivery.
Methods
A total of 132 patients underwent caesarean section aided by either the CaesAid VAD cup or forceps at the Netcare Christiaan Barnard Memorial Hospital, a private hospital in Cape Town, SA, between April and November 2017. Using the primary outcome measure of uterine incision to time to delivery of the fetal head (uterine incision-to-delivery interval; U-D interval), we anticipated a 20% difference in the time to delivery using the CaesAid VAD cup compared with forceps delivery: forceps delivery takes approximately 40 seconds, and we anticipated a 20% reduction in delivery time to 32 seconds using the CaesAid VAD cup. A power calculation to detect differences using a one-sided independent t-test with a 95% confidence interval, assuming that the actual distribution is normal, achieved 80% power for a population size of 120 participants. The study protocol was approved by the Pharma-Ethics Independent Research Ethics Committee (ref. no. 171119013).
All emergency and elective caesarean sections were carried out by two surgeons who had previously completed a training period of 10 caesarean sections using the CaesAid VAD device. While emergency v. elective caesarean section refers to the indication for the procedure as a whole, the elective use of the instruments refers only to choosing to use these as a first option to deliver the fetal head. All patients received spinal anaesthesia. Cases with a noncephalic presentation were excluded. Cases were selected on an approximately alternate case basis, without randomisation. Cases of prematurity were excluded.
At caesarean section, a lower uterine segment transverse incision was made, and the membranes were ruptured. The surgeon ascertained the fetal head position before applying the CaesAid VAD cup or forceps. The vacuum pressure used was 450 mmHg. If slight slippage occurred, the electric vacuum pump automatically restored the suction, diminishing the possibility of cup detachment (pop-offs). The forceps used were Wrigley's. If the CaesAid VAD cup or forceps delivery did not succeed after two attempts, the surgeon used an alternative device or manual extraction with fundal pressure. If the fetal head presented at the uterine incision, it was easily delivered by gentle fundal pressure and manual removal.
The U-D interval was timed by the anaesthetist with a stopwatch. Maternal blood loss was estimated by the anaesthetist based on the amount of blood collected by the intraoperative suction device and swab count. Ease of delivery was indicated on a 10-point scale by the surgeon (1 being the highest level of ease, and 10 the highest of difficulty). The skin incision was measured using a sterile ruler. The presence of any complications, and the need for a blood transfusion postoperatively were also noted. The paediatrician noted the Apgar scores and birth weight of the infant. Any evidence of neonatal trauma was documented. Additionally, the length of the infant's hospital stay, whether admission to the neonatal intensive care unit (NICU) was needed, and the length of the NICU stay, were recorded. The age, body mass index (BMI) and parity of the mother, the mode of previous delivery (if applicable) and the indication for caesarean section were gathered using the patient's hospital file.
The data were captured and analysed statistically using SPSS 25 (IBM Corp., USA). Data sets were compared using descriptive and comparative techniques. The normality of the data distribution was analysed by assessing the frequency distribution. For continuous variables, normally distributed data were reported using means (standard deviations (SD)), with differences examined using Student's independent t-test. Non-normally distributed data were reported as medians (interquartile ranges (IQR)), and differences examined using the Mann-Whitney U test. Categorical data were reported as frequencies, and differences examined using the χ 2 and Fisher's exact tests.
Results
The data of the 132 patients who underwent an elective or an emergency caesarean section in the period from April to November 2017 were analysed. The caesarean deliveries were aided by either the CaesAid VAD cup (C group, n=67) or forceps (F group, n=65). The maternal demographic factors in the two groups are shown in Table 1 .
Patients' age ranged from 20 to 43 years in the C group, with a mean (SD) of 32.5 (4.9), and from 23 to 42 in the F group, with a mean of 32.7 (4.5) in the F group. Patient BMI ranged from 19.6 to 48.2 in the C group, with a mean (SD) of 30.6 (8.4), and from 19.3 to 46.2 in the F group, with a mean (SD) of 31.9 (7.7). Table 1 also shows that maternal demographics were equivalent for both groups, except that fewer women in the F group had undergone a previous caesarean section. Table 2 demonstrates that the U-D interval (the time of the incision into the uterus to the full delivery of the fetal head, in seconds) was significantly shorter in the C group (p=0.001).
Additionally, a significant difference in the ease of delivery experienced by the primary surgeon was found, in that the F group showed greater variation in the ease of delivery scores (p=0.001). The total operation time was also shorter in the C group (p=0.045).
Slippage or folding of the vacuum cup occurred in 5 cases in total, with the cup folding in 3 (4.5%) instances, and slipping once in 2 cases (3.0%). In 25 cases the method of fetal head delivery differed from the intended intervention (see Table 2 ). In 8 of the 20 such cases in the F group, the method used to deliver the fetal head was altered owing to a spontaneous delivery of the head upon uterine incision. In the other 12 cases, the CaesAid VAD cup was employed after failure to deliver the fetal head with forceps. In the C group, there were 5 cases where a change in the delivery method of the fetal head occurred. Four of these were the result of spontaneous delivery of the fetal head upon uterine incision. In the remaining case, the vacuum cup became unsterile in theatre before use, and a forcepsaided fetal head delivery was performed.
As shown in Table 3 , the estimated maternal blood loss was found to be significantly lower in the C group (p=0.025), while the length of the skin incision did not differ significantly between the two groups. None of the mothers required a blood transfusion. No cases of deliberate or inadvertent extension of the uterine incision were reported. No significant difference in the length of hospital stay was found, with all mothers included in this trial being discharged within 3 days postoperatively.
The Apgar scores were equivalent in both groups (Table 4 ). There were no significant differences in the percentage of newborns that required specialised care in the NICU. Seven cases of NICU admission were reported in this audit. In most cases this was due to transient tachypnoea of the newborn, and in one case meconium aspiration. While cephalhaematoma occurred more often in the C group, this difference was not found to be statistically significant (p=0.207). Skin injuries, consisting of skin lacerations, bruising and transient impressions, were found more frequently in the F group, and this difference was significant (p=0.003). Of the eight cases where skin injuries occurred, three cases of skin laceration were reported. In three cases bruising occurred, and in the remaining two cases a transient impression on the skin was seen. No serious adverse neonatal events occurred during this audit.
Discussion
The primary aim of this retrospective clinical audit was to assess whether the CaesAid VAD cup significantly influences the time of fetal head delivery when compared with forceps-aided caesarean delivery. The results show that the U-D interval was significantly shorter for CaesAid VAD cup-assisted caesarean sections than for forceps-assisted deliveries. This is in line with the findings of previous small studies on this topic. [8] [9] [10] A shorter U-D interval is desirable, since it is associated with improved maternal and fetal outcomes and fewer complications. [12, 13] The findings of this study refute an older study and one case report that suggested that vacuumassisted caesarean section results in longer times to delivery. [5, 14] The secondary aim was to examine whether there were differences in perioperative complications in the mother and fetus when comparing the CaesAid VAD cup with forceps. This audit found a decrease in maternal and neonatal complications for the vacuum cup in comparison with forceps-aided caesarean deliveries. Maternal blood loss was found to be lower when the vacuum cup was used. Previous research has found mixed results regarding maternal blood loss in vacuum-assisted caesarean sections, with results ranging from a non-significantly higher amount of maternal blood loss, to no difference or less blood loss. [4, 5, 8, 10] With regard to neonatal outcomes, the lack of difference in resulting Apgar score between the two instruments used is in line with the findings of the studies comparing vacuum-assisted caesarean section with either manual or forceps-aided delivery at caesarean section discussed previously. [8] [9] [10] There is little research on the complications of the vacuum cup or forceps in caesarean section specifically, but some studies have looked at the use of these instruments in vaginal delivery. They show that cephalhaematoma occurs more often when the vacuum cup is used, and although the same was true in the present audit, this difference was not statistically significant. [15] [16] [17] The studies also support the findings of this audit regarding the higher prevalence of skin injuries (lacerations and bruising) with the use of forceps.
There is controversy over the use of the vacuum cup in caesarean delivery. Vacuum-assisted caesarean delivery is routinely practised by a few private obstetricians in SA. One alarming case report from the USA argues that the routine use of vacuum cups for elective caesarean section is not justified. Clark et al. [14] reported a case of subgaleal haemorrhage following elective vacuum-assisted caesarean section. It should be emphasised that in this case, there were two sudden disengagements of the vacuum cup (pop-offs), and the fetus was delivered on the third application of the vacuum cup. This practice is discouraged because of the risks illustrated in the case report. Existing literature states that the use of the vacuum cup should be discontinued after the occurrence of two pop-offs. [18] The Clark report argued that use of the vacuum resulted in a prolonged time to delivery, but the findings of our audit and several other studies show the opposite. [5] [6] [7] We found the use of the vacuum cup to be safe and efficient. In elective caesarean deliveries the vacuum cup might be especially useful for engaging a high-floating fetal head. Caution with the reapplication of vacuum cups should be urged when they are employed in a caesarean section, to prevent the occurrence of subgaleal haemorrhage. Moreover, the level of clinical experience needed for successful use of the vacuum cup should not be underestimated. [18, 19] Our audit has some limitations. As a retrospective study, the interventions were not randomised. Additionally, the ease of delivery was measured on a 10-point scale rather than the more commonly used Likert scale, with either 5 or 7 points. Finally, the maternal blood loss recorded was an estimate. An alternative means to determine blood loss during the procedure would be the weighing of swabs, drapes and other materials before and after the caesarean delivery, but this was not done in routine clinical practice. Measurement of the pre-and postoperative Hb to determine if there were differences in blood loss would be a useful addition in a prospective study.
To better our understanding of the use of soft vacuum cups such as the CaesAid VAD cup in caesarean delivery, further research is necessary. In 2018, a randomised trial was commenced at the Netcare Christiaan Barnard Memorial Hospital, comparing the CaesAid VAD cup with forceps-assisted delivery of the fetal head in caesarean section. Vacuum-assisted caesarean section seems most suitable for use in elective procedures where the fetal head is not yet deeply engaged in the pelvis and manual extraction might prove more difficult. If the potential benefits of vacuum extraction are substantiated by further research, there may be a place for the use of the CaesAid VAD cup in routine obstetric practice, especially in cases where the fetal head is inaccessible to conventional delivery.
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